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The data preceding the gaps in the curves were obtained while the spacecraft was rolling about the Z-axis. The ambient field was relatively undisturbed. Bz was nearly constant, while Bx and By showed sinusoidal variations produced mainly by the rolling motion. The curves that follow the break in the data were obtained after the spacecraft was stabilized. Bz was virtually unchanged. Bx and By were also nearly constant after the spacecraft stopped rolling. Note that Bx and By are approximately equal on both sides of the break; the spacecraft orientation corresponding to the data taken just before the break was within 10 degrees of the stabilized orientation.
Preliminary analysis of the Mariner II magnetometer data has also produced some new information. These results, including correlations with the plasma data, do not agree in an obvious way with any simple model of the interplanetary medium (2). Averaged over almost any period of several hours, the transverse component of the interplanetary field appears to lie more nearly in, rather than normal to, the plane of the ecliptic (the plane of the earth's orbit). However, there is a substantial, fluctuating component perpendicular to the ecliptic plane. Further investigation should establish whether or not its average, over periods of days, is zero. During the first ten days of the flight, the transverse component was usually directed toward the east, opposite to the direction of planetary motion (see p, Fig. 1 ). Our earlier speculation (1) that in very quiet periods the transverse component might be mainly perpendicular to the ecliptic plane is inconsistent with the Mariner II data for this period. During this same period the range of variations in the radial-field component, ABz (Fig.  1) , was typically 5 to 10 gamma.
When the plasma density and velocity increase during magnetic-storm intervals, the interplanetary field becomes larger and more irregular. Many of the changes in the field components correlate in detail with simultaneous changes in the plasma Ftux. Often, how-11OQ ever, the plasma and field variations cannot be readily correlated. A consistent pattern has not yet been identified that can be ascribed to simple structures or to waves. No correlations have been noted that correspond to the plasma-field correlations observed by Explorer X (3) near the earth in which regions of intense plasma flux and intense magnetic flux alternated.
The orientation of the spacecraft, and therefore of the magnetometer, is controlled so that the Z-axis points to--ward the sun. The orientations of the other two orthogonal axes, X and Y, depend upon the mode of operation of the spacecraft. From 29 August to 3 September the spacecraft was allowed to roll about the Z-axis, so that the X-and Y-magnetometer sensors, although remaining perpendicular to the spacecraft-sun direction, also rotated about the Z-axis. On 3 September the orientation of the X-and Y-axes was stabilized with the Y-axis lying in a plane defined by the sun, earth, and spacecraft.
The magnetometer measurements obtained immediately preceding, and immediately following, the stabilization of the spacecraft about its roll axis are shown in Fig. 2 . Since the scientific instruments were inoperative during stabilization, there is a gap in the measurements. The variation in the X-and Ycomponents during the period preceding the stabilization is attributable principally to the rolling of the spacecraft. The contribution from the transverse interplanetary field, when averaged over many complete revolutions, is zero. The average field values represent the X-and Y-spacecraft field components. Fortunately, the interplanetary field was relatively undisturbed during this period.
The center-to-peak amplitude of the variations in the X-and Y-components is a measure of the transverse component of the interplanetary field. During the period shown in Fig. 2 
Lysergic Acid Diethylamide: Its Effects on a Male Asiatic Elephant
Because of his remarkable intelligence, his extended life span, his capacity for highly organized group relationships, and his extraordinary psychobiology in general, the elephant is an animal of great interest to the zoologist and the comparative psychologist. It has only been in recent years that the physiology of the elephant has received the attention of scientists (1). There is now a growing interest in this animal on the part of psychiatrists (2).
One of the strangest things about elephants is the phenomenon of going "on musth" This syndrome, a form of madness which occurs almost exclusively in the males, begins with early adulthood (when the elephant is between 12 and 20 years old) and continues to occur once or twice a year until after the involutional period (around age 45 to 50). As he enters a period of musth, the bull elephant begins to show signs of restlessness and irritability, his eyes water, and the slits like bilateral temporal gland (located midway between the eye and ear) starts to excrete a brown, sticky fluid. Within 48 to 72 hours there is a violent change in the animal's behavior. Normally cooperative and tamable, the elephant now runs berserk for a period of about 2 weeks, during which time he may attack or -attempt to destroy anything in his path.
That the activity of the bull elephant during musth is not simply a sexual excitement (like rut) is suggested by the fact that he is as likely to attack a female as to mount her during this period. Furthermore, mating behavior on the part of the bull elephant occurs at any time of the year that -a receptive cow becomes available (3).
Because he goes on musth, the male elephant can be a most dangerous beast even in his role as a working animal in Asia. There are fewer than a dozen male elephants captive in the United States. Several have been destroyed in the past because of the hazard they created. Nearly all of the elephants in zoos, menageries, carnivals, and circuses are females, most of them Indian (Asiatic) rather than the larger African subspecies.
The male elephant's periodic madness is an almost unique phenomenon in nature, and it provides an interesting opportunity for psychiatric research. What is the mysterious fluid excreted by the temporal gland during musth? Does a simultaneous internal secretion intoxicate the animal? Or is the elephant's glandular disturbance merely a reflection of a more profound inner periodic hormonal thunderstorm which also disrupts his brain and behavior?
Recently we decided to attempt to induce experimentally a behavioral aberration that might resemble the phenomenon of going on musth. Proportionately much larger doses have been required to obtain comparable results in lower animals. In order to produce in the rhesus macaque a sensory blockade sufficient to cause loss of position sense and temporary blindness, Evarts gave doses as large as 0.5 to 1.0 mg/kg (6). Similar doses must be given to produce a similar effect in the cat. The effecting of even a transient rage-reaction in the cat usually requires intravenous administration of at least 015 mg/kg. Doses up to 6.5 mg/kg given intravenously are required to kill a cat.
The amount of LSD finally administered to Tusko, by intramuscular injection was 0.1 mg/kg, or 297 mg, in 5 ml of distilled water, since the animal weighed an estimated 6500 to 7000 pounds (2954 to 3182 kg) (7). If the elephant's sensitivity were of the order of that of a human being, this would represent a considerable overdose. However, if the elephant's dose requirements in milligrams per kilogram were similar to those of other animals (including primates and cats), such a dose would at best be of borderline effectiveness. Since massive doses of succinylcholine had been used by one of us (W.D.T.) in attempts to destroy elephants in the field, and since even enormous doses (20 ml of a saturated solution given intramuscularly) were found to require almost 30 minutes to produce a reaction, we considered that the elephant possessed substantial resistance to neurotropic agents and predicted that we were unlikely to see much reaction with this dosage of LSD.
Early in the morning of the day for administering the control, 2 August 1962, Tusko received 1.5 million units of benzathine penicillin G as a control or placebo injection which would also protect him from infection. The medication was injected into the gluteal muscles by a cartridge-syringe fired from a rifle powered by compressed CO2. The elephant's immediate startle response to the injection, and his subsequent 2 or 3 minutes of restlessness followed by normal behavior throughout the day, were recorded on motionpicture film and noted by observers. The procedures employed on the control day were devised to document behavior'with which Tusko's response to the next day's experimental situation could be compared.
At 8 A.M. on the second, or experimental, day the LSD was similarly injected. Tusko began trumpeting and rushing around the pen, a reaction not unlike the one he had shown the day before. However, this time his restlessness appeared to increase for 3 minutes after the injection; then he stopped running and showed signs of marked incoordination. His mate (Judy, a 15-year-old female) approached him and appeared to attempt to support him. He began to sway, his hindquarters buckled, and it became increasingly difficult for him to maintain himself upright. Five minutes after the injection he trumpeted, collapsed, fell heavily onto his right side, defecated, and went into status epilepticus. The limbs on the left side were hyperextended and held stiffly out from the body; the limbs on the right side were drawn up in partial flexion; there were tremors throughout. The eyes were closed and showed a spasm of the orbicularis occuli; the eyeballs were turned sharply to the left, with markedly dilated pupils. The mouth was open, but breathing was extremely labored and stertorous, giving the impression of high respiratory obstruction due to laryngeal spasm. The tongue, which had been bitten, was cyanotic. The picture was that of a tonic left-sided seizure in which mild clonic movements were present.
At 8:20 A.M. promazine hydrochloride was administered intravenously into the ear in an attempt to alleviate the animal's marked spastic reaction. Over a period of 11 minutes 2800 mg was given. The violence of the tonic aspect of the seizure appeared to be relieved partially by these measures, and respiration improved. However, over the next hour the picture changed very little. Abdominal tympany developed. Despite a last-minute effort to -save the animal with an intravenous injection of pentobarbital sodium, he died 1 hour and 40 minutes after the LSD had been injected.
A necropsy confirmed the impression of death by strangulation secondary to laryngeal spasm. Tusko's sexual maturity, previously suggested by the observation of his copulatory behavior with a receptive female and by the Immediate dissection of the temporal gland revealed no characteristic dark brown fluid in the duct. However, the microscopic structure of the temporal gland (see Fig. 1 ) is unique, to our knowledge and to that of several individuals whom we consulted. Of great interest is the finding that two distinct types of cells are present, supporting the possibility that the gland may function as both an exocrine and an endocrine organ (9).
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It is known that individual differences in reaction to drugs exist among elephants as among humans. Even so, the elephant's rapid collapse and death are remarkable. It is possible, but unlikely, that the LSD was delivered intravenously; with injection of the type used it is not possible to take the usual precautions, but the instantaneous explosive injection would probably collapse a vein. The possibility of anaphylactic shock seems remote, since the picture was not truly characteristic of anaphylaxis, and it would be difficult to postulate the basis for sensitization. However, since Tusko's former owner reported one instance of his having gone on musth, autosensitization cannot be completely ruled out. This would imply, of course, a close biochemical similarity between LSD and the unknown but perhaps potent intoxicant in the musth secretion. Sensitization on any other basis seems highly improbable.
It is also possible that the LSD was not widely distributed throughout the elephant's body but was somehow rapidly concentrated in the nervous system. If such were the case, the calculation of LSD dosage on the basis of milligrams per killigram of total body weight would be inappropriate, and some other criterion, such as brain size, should be considered. The brain of the mature elephant is about three to four times the size of man's. Tusko's brain weighed 3700 g (as compared with 1300 g for that of the average adult human male).
Other specimens and other dosages must be studied to clarify these issues. Our current predictions and conclusions are these: (i) a chemically induced pseudo-musth will not cause the temporal gland to secrete, but a natural internal secretion of the gland does play a causative role in precipitating the male elephant's madness; (ii) chemically this secretion may well resemble LSD or other known biologically active psychotomimetic substances; and (iii) a male elephant whose temporal glands had been surgically removed early in life might grow up to be a sexually capable but behaviorally tractable animal, one that never went on musth.
It appears that the elephant is highly sensitive to the effects of LSD -a finding which may prove to be valuable in elephant-control work in Africa. The death of Tusko suggests the nature of the danger, and the most likely cause of death should a lethal overdose be taken by a human. Despite efforts by its manufacturer to prevent misuse of the drug, LSD has been increasingly and sometimes irresponsibly administered to humans as a putative adjunct to psychotherapy. The possibility of suicide or even homicide by LSD cannot be ignored. Treatment of an individual in extremis from LSD poisoning would be symptomatic, but a possible emergency requirement for anticonvulsant medication, and for a muscle relaxant such as succinylcholine, is suggested from the results of this single experiment (10). 
